A CHARACTERISTC of biochemistry is its great heritage of colour tests which have been devised to meet the demand for means of identifying substances of complex or unknown constitution where the more exact methods of pure organic chemistry were of no avail.
Some of these biochemical tests are of a degree of delicacy and specificity almost comparable to biological reactions; but, owing to the difficulties of micro-analysis, the mechanisms of many of these tests are as yet imperfectly understood. This is not a practical disadvantage as long as the specific nature of the test is asured, but occasionally doubtful cases arise when the knowledge of the rationale of a reaction is essential, and it was from experience of such cases that I was led to investigate some of the well-known colour tests, laying stress on the nature and limiting conditions of the test apart from the chemistry of the substances involved in it.
Hydrocnic Colour Reaction&. Many colour tests are only obtained in the presence of an exces of strong acid, generally sulphuric. In some dases, addition of water after the colour has appeared merely dilutes the tint, but there are certain. colour reactions the products of which lose their colour at once if a few drops of water be added.
I have ventured to suggest the term Hydrocnic, derived from "Hud6r" (water) and "Okneo " (I shrink), to describe these tests in which the colour is unstable towards water. The test was introduced by Hopkins and was first described in Cole's Physiological Chemistry, in 1 i04.
The test is very sensitive to the presence of water in two ways. If the sulphuric acid used be at all dilute or a little water be added with the. lactic acid, the solution on warming becomes yellow and does not give the cherryred colour on the addition of the thiophene. Again, if a few drops of water be added after the red colour has developed it is at once discharged.
In his description of the test, Hopkins [Hopkins aiid Fletcher, 1907] observes that it is also given by acetaldehyde and by glyoxylic acid.
It is well known that lactic acid when heated with sulphuric acid is decomposed inito acetaldehyde and formic acid, or, if an oxidising agent be present, into pyruvic acid and water.
(1) CH3 . CH(OH) . COOH --CH3CHO + HCOOH.
(2) CH3. CH(OH) . COOH 4-0 -CH3 . CO . COOH + H12.
G. Deniges [1909] has employed alcoholic guaiacol to show this formation of aldehyde, and Ryffel [1909] has used it for the estimation of lactic acid in urine.
The results of the action of sulphuric acid in varying proportions on lactic acid were investigated. EBxpt 1. 20 cc. lactic acid and 20 cc. pure concentrated sulphuric acid, with a crystal of copper sulphate, were mixed. The liquid gradually darkened and gas was evolved. When the reaction had subsided the mixture was distilled under reduced pressure, from a water-bath at 800.
The distillate was collected in 20 cc. water. It consisted of formaldehyde, acetaldehyde chiefly, formic acid. acetic acid. The gas evolved was CO with some CO. There was a great evolution of gas (chiefly CO) during the reaction. The thiophene lactic acid test was then performed on a drop of each of the distillates. I and II gave the cherry-red, III gave a faint orange.
Each of the substances identified in the distillate 'was then tested separately, when it was found that both formaldehyde and acetaldehyde gave a colour with thiophene in the presence of excess of sulphuric acid.
With regard to the poor production of aldehyde in the last experiment, it was found that acetaldehyde is much less stable in moderately dilute sulphuric acid than in strong acid, consequently it is necessary in performing. the lactic acid test to see that there is no appreciable amount of water present at the outset, otherwise the acetaldehyde will be destroyed as it is produced and the thiophene will give no coloration.
It is this decomposition of aldehyde that probably accounts for the 10 % error in Rvyfel's method for e.stimating lactic acid in urine.
A Colour Test for Alehydes.
Working along the lines of the previous test, the following reactioll for aldehydes was devised.
A couple of drops of a 0 2 % alcoholic solution of thiophene are added t(! 5 cc. concentrated sulphuric acid (which must be free from nitrouis and nitric contaminations) and mixed. Then, if a drop of a weak solution of an aldehyde be added, a red colour develops and spreads through the acid. A few drops of water discharge the colour but it returns on the addition of more sulphuric acid.
The test is very delicate with most aldehydes. 1 part CH20 in 10,000 parts H20 gives a deep plum-coloured ring; 1 part in 100,000 gives a distinct band. The colour varies slightly with the different aldehydes. Formaldehyde gives a purple red, acetaldehyde a cherry-red, acrolein a rose carmine. The test is given also with the substituted aldehydes, such as chloral, j)-hydroxybenzaldehyde, etc. All these colours are typically hydrocnic. On mixing thiophene and acetaldehyde in light petroleum in the molecular proportions corresponding to a body, CH8. CH : (C0H8S3)2, and adding phosphorus pentoxide, the pentoxide turned deep purple and a reaction began. The produpts were extracted with alcohol, ether, and light petroleum, respectively. The extracts were neutralised, washed, dried and fractionated, or fractionated straight away.
From two of the extracts a liquid fraction 'was obtained which gave a deep crimson with sulphuric acid.
The fraction was an orange liquid which boiled with decomposition at 1210, was insoluble in water, and had a peculiar smell.
The determination of the molecular weight and the composition of this substance was deferred until an adequate supply of thiophene could be obtained.
SUMMARY.
1. It is proposed to introduce the term hydrocnic for biochemical colour reactions, the products of which are decolorised by the addition of small quantities of. water.
2. The thiophene reaction for lactic acid is due to the production of formaldehyde and acetaldehyde from the lactic acid, which interact with the thiophene in the' presence of excess of sulphuric acid to give the cherry-red colour.
